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TREATISE ON STAY-SAILS 

FOR THE PURPOSE OF 

INTERCEPTING WIND BETWEEN 

THE SQUAREISAILS OF SHIPS 

AND OTHER 

SQUARE-RIGGED VESSELS, 

MATHEMATICALLY DEMONSTRATING THE DEFECTS OF THOSE NOW 
IN USE, AND THE EMINENT SUPEIlIO».n Y OF THE 

IMPROVED PATENT STAY-SAILS, 

RECBNTLT INVENTED 

By captain SIR HENRY HEATHCOTE, R. N. 

ILLUSTRATED BY SUITABLE DIAGRAMS, 

AND TWO PLATES OF SHIPS, 

One representing a Frigate close-hauled, carrying all the Old Stay-sails ; 
the other, a Royal \ acht in the same position, carrying all the Patent 

Stay-sails, &c. 

TO WHICH ARE ADDER, SOME 

REMARKS ON PROPORTIONING THE JIBS, &c. 

AS EXHIBITED IN THE PLATE OF THE BOYAL YACHT .* AND 

SUBMITTED (tOGETHEB WITH THE PATENT STAY-SAILS) 

TO THE LORDS COMMISSIONERS OF THE ADMIRALTY. 
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Whoffe varioiu force eonrorni to eterj g^le." Falcomxa. 
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TO HIS MAJESTY 

GEORGE THE FOURT^, 

THE FOLLOWING NAUTICAL WORK 

WITH PERMISSION, 
MOST RESPECTFULLY INSCRIBED, 

BY 

HIS DUTIFUL SUBJECT AND SERVANT, 

HENRY HEATHCOTE. 

May it please your Majesty, 

From the remotest period of my services in 
your Majesty's Royal Navy, at which I was capable 
of reasoning on the matters appertaining to it/ my 
observations on the stay-sails used for intercepting 
wind between the square-sails of ships, and other 
square-rigged vessels, having convinced me they were 
radically defective, I have at sundry periods employed 
my leisure hours in attempting to correct the erro« 
neous principles which render them objectionable. 



Public duties, however, or private cares, have so 
frequently obstructed those efforts, as to postpone 
the accomplishment of my object until the present 
moment : but Providence (who with imerring wisdom, 
inscrutable judgment, and eternal justice, irresistibly 
controls the destinies of all his creatures) has at 
length been pleased to permit its completion. 

A love of the service I belong to kindled in my 
breast at a tender age that spark of professional 
emulation, which, notwithstanding it may, for a 
season, have been smothered by many and grave 
obstacles to my fame, has never been extinguished ; 
but fervently, though secretly glowing there, and 
acquiring elasticity from compression; the humble 
hope that it would one day burst forth into light 
has consoled me in the hour which had otherwise 
been fraught with despondency, and preserved to my 
imagination, unimpaired by exterior circumstances, 
the prospect of meritorious distinction. 

Whilst, too, the surreptitious foot of time haa 
silently invaded the span of my earthly existence, an 
ardent desire of bequeathing to my numerous off- 
SfHing honour and independence, has warned me of 
the enemy's incursions, and (I feel assured I may 
avow it, without offence to your Majesty, or dxsho- 



BOUT to myself), added a still more powerful incentive 
to the utmost exertion of my slender talents. 

As a reward for my endeavours to improve the 
particular branch alluded to of your Majesty's Royal 
Navy, and to promote the commercial interests of 
the kingdom, your Majesty having been graciously 
pleased to grant me your Royal Letters Patent for 
my invention of " An Improvement of the Stay- 
sails generally in Use for the Purpose of intercepting 
Wind between the Square-sails of Ships, and 
other Square-rigged Vessels ; " the duty imposed on 
me by gratitude must outweigh every other consider- 
ation : besides which, your Majesty's flattering regard 
for the British Navy, which, amongst other great 
traits of national character, has distinguished the 
present glorious reign, renders it imperious on me 
to lay this little Nautical Work at your Majesty's 
feet. 

In so doing, I am emboldened to rely on your 
Majesty's accustomed urbanity, that the motives by 
which I am actuated will induce your Majesty to look 
indulgently on my labours, replete as they doubtless 
are with literary imperfections. And that should they 
(as it may not be presumptuous to express a hope) 
afford some proof of naval talent, your Majesty will 



deem them not wholly unworthy of being dedicated 
to the Monarch of the first maritime country in the 
world. In that hope, 

I have the honour to subscribe myself. 
Your Majesty's dutifully devoted Subject 

and Servant, 
HENRY- HE ATHCOTE, 



A ROYAL YACHT 

By the Windy carrying the Patent Stay^sails and Jibs. 

(See Frontispiece.) 

Hbad-shbsts haul'd aft^ and yards obliquely braced ; 

See the more towering jibs and stay-sails placed : 

Along the stays they rapidly ascend^ 

On varied radii their feet distend ; 

And as their destined altitudes they reach. 

Controlling tacks their due positions teach { 

Checking, as. hitherto, their upward flight. 

Or aft- wise veering them to loftier height : 

Insidious thus, the intervals they seize. 

To intercept each softly vagrant breeze ; 

Whilst captive zephyrs all their powers unite. 

To speed the vessel and regale the sight : 

Come tfce rude squall, our gallant trim to try ; 

Snug in a trice, its malice we defv. 

H. H. 



A FRIGATE 

By the Wind, carrying the Old Staysails. 

(See Plate annexed.) 

By huge quadrangle, slender stays oppress'd ; 
It's baneful lee-way powers appear oonfess'd : 
Obstructive too, it spoils the sturdier sail. 
Whose favoured posture courts the growing gale: 
To foil the squall, in vain's the sheet eased off ; 
Still doth the noxious plane our labour scoff*: 
With lateral force still groans th' endanger'd piney 
As slowly downward dragged, the sails decline : 
At length, relieved of the o'erwhelming load. 
By dint of force the cumbrous mass i^ stow'd.. 

ttH. 



INTRODUCTION. 



In the following treatise, it iis presumed^ the 
defects of the stay-sails hitherto in use for the pur- 
pose of intercepting wind Between the square-»sails of 
ships, and other square-rigged vessels, are dearly 
pointed out, and substitutes for them proposed, which 
are exempt from the disadvantages of the old ones^ 
much more abundant in useful power, and requiring 
Qonsiderably less canvass. 

The theorems I have thought it necessary to intro- 
duce in elucidation of my main argument, are given 
iii due order in the body of the work ; those merely 
relating to elementary knowledge I have, for reasons 
hereafter given, super-added in the form of an 
Appendix. 

Viz. 1. It will probably be more convenient and 
agreeable to the scientific part of my readers, to pro- 
ceed with the general exemplification, uninterrupted 
by d^nonstrations of facts already familiar to them, 

S. I would not, by incorporating in my work long 
established principles, be thought to arrogate the 
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merit of others : * my invention not consisting either 
in the discovery of new principles^ or new materials^ 
but in a new combination or arrangement of known 
materials, in a manner calculated to produce a more 
favourable effect of the power acting on them, and 
conseqiiently their more advantageous impulse on 
the ship. 

I have not, however, deemed it advisable wholly 
to omit this sort of information, feeUng anxious that 
the less learned, though not less numerous or me- 
ritorious description of seamen, may be convinced I 
am in no one instance obtruding on public notice the 
chimera of a fancifiil theorist, but presenting them 
with facts, suggested by long experience, and which 
I cannot but consider as substantiated beyond 
refutation-! 

* Some of these elementary theorems are by no means close 
copies, either as to the style of demonstration^ or unexceptionably, 
even as to the conclusions drawn from them: but considering 
them to be founded on old propositions, rather than originating 
in the particular subject of this Treatise^ I have preferred: 
placing them in the Appendix, with those more entirely original, 
or more literally adopted. 

t I have much pleasure in bearing testimony^ whilst on the 
subject of elementary knowledge^ to the excellence of a Tr^tise 
on Seamanship^ published many years ago by Mr. Richard Hall 
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I have not yet had an opportunity of proving the 
merits of my invention by actual experiment, but 
have been favoured with the opinions of old seamen 
of every class, amongst whom I might enumerate 
some of the most distinguished officers in the navy, 
and of the highest respectability in the Honourable 
East India Company's service, all of whom agree in 
reprobating the old stay-sails as " of no use, except 
a few points of the wind ; " and many of them 
declare, " they never allow them to be bent 
in the ships they command." And an old naval 
officer who has been kind enough to obtain me some 
necessary dimensions for the construction of my 
diagrams, informs me, that *^ the upper stay-sails on 
the mizen-mast are generally discontinued in the 
navy." This is a host ' of evidence against the old 
stay-sails, and as it is with . precisely the same view 
of them that I have invented the new ones, I may 
not be too sanguine in anticipating less opposition 
than is the general fate of those who propose inno- 
vations, in proportion as prejudice is less strong than 



Gower, formerly an officer in the sea-servioe of tlie Honourable 
East India Company^ from which> in my early researches after 
nautical knowledge^ I derived very considerable instruction. 
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ordinary in favour of the establishment it is intended 
to supersede. In allusion, therefore, to the justly 
prevailing notion, ** that the old stay-sails are of no 
use bv the wind/' I shall first of all take leave to 
observe, that stay-sails between the masts are more 
useful by the wind than on any other point of sail- 
ing, provided they are shaped, and placed, on scien- 
tific principles : and this from three causes ; the first 
whereof, that it is when by the wind, and only then^ 
they trim at a better angle than the square sails ; 
the second, that it is on that point of sailing their 
useful or dear interception bears the greatest pro- 
portion to that of the square-sails ; the third, that 
the direct or longitudinal impulse of stay-sails when 
trimmed at 25^ with the keel (as should be the case 
when the ship is close-hauled) is more horizontal 
than when the sheet is flowing ; but the old sails, 
what with their immense proportion of simply lateral 
pressure on the upper triangle, its great obstruction 
of wind from the square-sails, and, in some instances, 
the disproportionate weight of them, certainly ** do 

more harm than good except a few points * of the 

« 

wind," when the hauling the tack over to windward, 
in a great measure, relieves the ship from the simply 
lateral pressure of the upper triangle, so that it 
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thereby becomes nearly innoxious^ and no longer 
operates materially as a deduction from the useful 
impulse aflforded by the lower triangle; still, how- 
ever, the upper triangle (to say the best of it) 
does no good beyond the interception of a small 
quantity of wind under the feet of the square- 
sails, which is not more than equivalent to the loss 
of direct impulse, arising from the impossibility of 
trimming the said triangle, even with the wind 
large, at quite so favourable an angle as the square- 
sail immediately before it, which suffers therefrom an 
obstruction of wind, proportioned to the magnitude 
of all that part of the said upper triangle which is 
before the line of interception by the square-sail: 
but the new sails, inasmuch as they never exhibit 
any decidedly pernicious obstruction of wind from 
the square^sails, and produce more usefril intercep- 
tion than the old ones, are superior to them even 
with the wind large, and by the wind infinitely so, 
as the upper triangle of the old sail is, on that point, 
infinitely mischievous. At the same time then that 
we cease to wonder at sails which have so long been 
in general use being now so generally discarded, it 
must be evident to- any person who will take the pains 
minutely to examine into the matter, that a great 
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deal of wind passes between the square-sails (and 
particularly the upper ones) both of the fore and. 
main-masts, and of the main and mizen-masts» 
which might be rendered highly conducive to the 
velocity, steerage, and manoeuvre of the ship, could 
it be intercepted by sails, every part whereof trims 
at a proper angle, and which do not in any 
way deteriorate the square-sails. It will, there- 
fore, be my care to prove, incontrovertibly, that 
such are the transcendent qualities of the new ones 
I have invented, which, to use the language of an 
experienced commander of the India service, *^ are 
divested of the objectionable part of the old ones, 
and made to trim on the same principle as jibs, 
ithich are found to be very drawing sails." 

Two officers of high rank, and distinguished cha- 
racter in the navy, have done me the honour to 
inspect my models, and to scrutinize the whole, of 
the demonstrations in ^ support of my system ; and 
both of these officers assure me, " it is their impar- 
tial opinion that it possesses all those advantages 
over the old one which I attribute to it," one of them 
jocosely observing, " he was only angry with him-, 
self for not having discovered what I had made 
appear so perfectly dear to him;" the other, (a. 
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Rear Admiral, who has, fortunately for himself and 
his country, attained that rank at an age when 
judgment is corrected by experience, and the faculty 
of judging still in full vigour), at the same time 
taking occasion to remark, that *^ it once happened to 
him, when employed in the Mediterranean, to wit- 
ness the capture of great part of an English convoy 
by a French squadron, when several of the Smyrna 
traders escaped, entirely from being better found in 
light sails than the vessels that were taken," a cir- 
cumstance which is creditable both to the wisdom 
and liberality of the owners in the Levant trade, 
since light sails being more easily inflated than others, 
may fairly be considered, if not as the Alpha and 
Omega of the saiUng system, when << transient 
breezes play," certainly as the primum mobile et 
mobile secundum thereof, being the first acted on, 
and promoting the action of the whole : but more 
clearly to show the incalculable importance of the 
stay-sails employed in light breezes for intercepting 
the wind which Would otherwise escape between the 
square-sails, and that their utility becomes/greater in 
proportion as the ship is hauled nearer to the wind; 
It ip only necessary to remark, in addition to the 
three arguments already adduced in evidence of their 
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extreme usefulness when by the wind ; 4. That on 
that point of sailing, from their trimming at 25^ 
with the keel, (the best angle, it will be shown, at 
which, in moderate weather, a sail can trim with the 
wind six points on the bow) their angle of incidence 
being eight degrees greater than that of the square- 
sails, makes them the first of all the sails to sleep ; " 
they are, therefore, not only the first of the first to 
afibrd immediate impulse to the ship, but by tending, 
on account of their exalted stations, to heel her, 
' induce the action of the other light sails, and, aided 
by them, expedite that of the heavier canvass ; and, 
5. That this is especially the case when close-hauled, 
because a vessel sailing within eight points of the 
wind, by approaching it, receives therefrom a greater 
impetus, or apparently increases the wind's velocity 
in proportion to the sine of such angle of approach, 
the consequence whereof evidently is, that the velo- 
city of the ship, and the impetus she receives from 
the wind, must reciprocally continue, ad infinitum, 
to increase each other ; and that when the angle of 
approach is considerable (as is the case when a ship is 
only six points from the wind), the gradations of 
such mutual increase must be rapid ; in a word, the 
action of light airs on stay-sails may be justly 
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regarded as frequently imparting an impulse which 
(either from the yards not happening to be in as 
fiivourabie a position as they might, or the said airs 
approaching the ship in too acute a direction ydth 
the keel to fill the square-sails, although braced as 
sharp as practicable), but for the stay-sails, the ship 
would not have received: by means of stay-sails 
one light air may shoot the ship into another, 
which may advance her to a stronger and more 
extensive one, whereby she may progressively reach a 
regular breeze ; and I do not hesitate to affirm, from 
the wonderfrd advantages I have frequently known, 
and ascertained by my own actual observation, to 
arise from %ht saUs in general, that properly organ- 
ized stay-sails between the masts, besides tending, as 
much as any canvass in the ship, to increase velocity 
in light weather, may essentially assist in shooting a 
ship when she would otherwise have been motionless, 
and (regarded as the primary and inductive impulse) 
not improbably be the means of enabling a ship near 
the shore to keep off it, or (as may be desired) either 
to force or avoid an action. 

That the new ssuls are properly organized, cannot 
reasonably be denied^ as 1. They are both propor- 
tioned and placed (according to the exigencies of the 

B 
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case) so as to produce the greatest possible non-ob* 
structing interception with the least possible obstruc* 
Hon.'* 2. Every part thereof trims at that angle 
which is most conducive to the head-way of the ship. 
3. Whilst the wind remains light enough for aux- 
iliary sails to be useful, these may be carried without 
deteriorating the action of the square-saUs. 

Some officers (partly led into error by a mistake in 
the engraving lately published^ of a frigate carrying 
the new patent stay-sails) imagined, until I ex-* 
plained the contrary to them, that my plan would 
occasion more weight and top-hamper than the old 
one. But this idea is totally at variance with the 
truth; the comparison standing as follows: The 
lower and upper main-top-mast stay-sail stays, being 
the old main-top-mast stay, and stay-sail stay ; the 
difference of weight of rope between the masts, occa- 

* The qutotum of obstructive canvass contained in the useful 
part of the old seal, and by the new one not di£feiing materially^ 
the comparative direct impulses afforded by such obstructive can- 
vass^ or by the part of the square-sail thus screened^ is not a 
question which places the old and new sail in competition. It 
may not^ however^ be irrelativa to the subject of proportioning 
the new sails^ to establish how far that part of them obstructing 
wind &om the square-sails is useful or otherwise ; I shall^ there- 
fore^ take an opportunity^ by-and-by^ to clear up that point as 
hi as' possible. 
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sioned by having these two sails instead of the old 
main-top-mast and middle stay-sails^ is plus the 
increased length of the lower main-top-mast stay-sail 
stay, minus the middle stay-sail stay, and the de- 
crease of both of the stay-sail sheets, haulyards, and 
downhauls, in consequence of the diminution of the 
sails. The lower top-gallant stay-sail and upper 
royal stay-sail set on the top-gallant and royal stays, 
they being a little lengthened from one mast to the 
other, in consequence of leading more vertically : the 
whole weight of rope therefore between the 
masts, on account of setting these twb sails, is 
merely the lengthening of the stays, as above-men- 
tioned, and the haulyards, sheets, and downhauls: 
the upper top-gallant and lower royal stay-sails trice 
up as formerly on a jack«4stay ; their stays setting 
up in the main-top: and their haulyards, sheets, 
and downhauls, are of course like those of the old 
top-gallant and royal stay-sails, only a great deal 
lighter. I do not recommend any reduction of the 
size of the stays formerly used for the top-gallant 
and royal stay-sails, nor of the jack-stay, notwith- 
standing the great disparity in point of- size between 
the sails those stays formerly had, and now have, to 
support : it being essential to keeping the stays from 

B 2 
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bellying to leeward, that they be stout and well 
set up, which now they lead more vertically than 
heretofore, may be done without hauling the masts 
too £ar forward. The tricing-Unes, and up and down 
parts of the stays, haulyards, and downhauls, are 
not very material as to any effect they may produce 
on the masts, or on the saiUng of the ship; nor are 
they (taking the sizes and number of those belong- 
ing to each system into consideration) very different. 
As to the upper stay-sails between the main and 
mizen-masts, the old three sails had at least one stay- 
s' stay ; instead of which, the new sails in that part 
of the ship, setting two of them on the top-gallant 
and royal stays, and the other flying, the only 
weight of stay on their account is, the lengthening 
of those stays, the same as on the main-mast ; and 
the haulyards, sheets, and downhauls are' smaller. 
On the whole, I feel persuaded that the difference of 
weight of gear between the old system and the new 
one is too inconsiderable to deserve a calculation ; 
though I can safely aver, that were it weighed one 
against the other, I should not be apprehensive of 
the result : besides which, we shall have the dif- 
f^ence of weight of canvass and bolt-rope to in- 
clude therein, which would prove a most infallible 
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means of throwing " the new system to the beam/' 
though the diflference of weight between the gear of 
the old sails and the new should not accomplish it. 

It was hinted to me bv one of the officers whose 
opinion I solicited as to the merits of my invention, 
that the old main-top-mast stay-sail being a useful 
sail to steady the ship on the breaking up of a gale, 
or, in many instances, where the ship rolled for 
want of sail, and existing circumstances made it 
desirable not to let reefs out of the top-sails, &c. the 
new arrangement might be injurious in such cases. 
The answer, however, could not fail of being satis- 
factory ; viz. the number of the canvass used in the 
two new main-top-mast stay-sails is the same as that 
used in the old one, and the same quantity of 
canvass is set on two principal stays instead of one; 
its effect, therefore, in steadying the ship, is the same 
as formerly, if you choose to make it so, by trimming 
the sheets (or the upper sheet only) very acutely, and 
the sails producing more direct impulse, contribute 
more to the ship's velocity (which of itself decreases 
the rolling motion), and are much more easily 
handled in squalls. I must now, however, beg leave 
to refer the public . to the Treatise itself, wherein 
(excepting as to the diflference of weight between 
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the old and new systems, which, after what has 
abeady been said, cannot need any farther proof of 
the superiority of the new one in that respect) I am 
induced to believe I have amply proved every position 
here assumed, and have^ therefore, no reason to enter* 
tain any alarming anxiety, as to the opinion of my 
countrymen in general, or the encouragement I may 
expect from the Lords Commissioners of the Admi- 
ralty ; who, with their wonted zeal in the promotion 
of all inventions tending to perfect the service over . 
which they preside, have already been pleased to 
promise me, in reply to a statement I had the honour 
of submitting to their board, that ** when my pub- 
lication, with my arguments and illustrations, should 
come before their Lordships, they would give it due 
attention/' I should, nevertheless, be guilty of un-* 
pardonable arrogance were I to conclude this 
pre&tory discourse without confessing the pleasure I 
anticipate from the favourable reception of my Trea- 
tise, in a professional point of view, by the nautical 
world ; but as I presume not to wander from my own 
sphere in quest of praise, I trust the critics will 
make a charitable allowance for the numerous impe- 
diments opposed by a sea-faring life to scholastic 
acquirements, and visit my literary offences with 
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a lenity characteristic of unquestionable supe- 
riority. 

The only remaining task I have to perform pre- 
vious to commencing my illustrations, is the pleasing 
one of returning my sincerest thanks to all those of 
my brother officers of the navy, and of the Honour- 
able East India Company^s service, as well as several 
of my mercantile friends, who have favoured me with 
their opinions of my invention ; the result whereof is, 
the entire confirmation of my own, as, in addition 
to the many unqualified encomiums passed on it, the 
official interrogatories of some, and the fiiendly sug- 
gestions of others, as to the points likeliest to be 
doubted of, have enabled me to anticipate them in 
the minds of the public, and prove the objections 
void of any real foundation. 



TREATISE ON STAY-SAILS, 

FOR THE PVRPOSK OF 

INTERCEPTING WIND 

B£TWS£N 

THE SQUARE-SAILS OF SHIPS AND OTHER SQUARE- 
RIGGED VESSELS. 



The object I have in view, in the organization of 
my patent sails, is— To abolish quadilateral stay-sails : 
1. On account of the injurious lateral pressure of the 
upper triangle thereof, destitute of any direct impulse ; 
an action which can only tend to increase the ship's 
lee-way, and distress the masts and rigging. 2. Of 
its perniciously obstructing a large quantity of wdnd 
from the square-sails, and thereby proportionably de- 
priving them of their power. 3. Because sails thus 
constructed do not (generally speaking) intercept so 
much of the wind passing between the square-sails 
as might be intercepted. 4. Because, on account of 
their superfluous magnitude, their weight, together 
with the simply lateral pressure of the wind on then- 
upper triangle before alluded to, contribute to prevent 



26 

their being carried with that degree of safety they 
otherwise might ; particularly in squally weather, when 
it is extremely difficult to haul down and stow them. 
To remedy these evils, I propose substituting for the 
quadrilateral stay-sails trilateral ones ; which, instead 
of having their tacks (like those of the old sails) all 
reaching forward to the foremost of the two masts 
between which they are set, shall have their tacks 
variously situated in that respect, extending from the 
mast further, or less far (or, in some instances, reach- 
ing close forward), as may, according to the actual 
dimensions of the masts and yards in the vessels for 
which they are designed, and their several distances 
asunder respectively, be found most conducive to the 
object of increasing the interception of wind passing 
between the square-sails to the utmost extent, con- 
sistent with a due regard to their being so propor- 
tioned as to admit of their being easily managed in 
manoeuvring, and to leave sufficient spaces between 
them and the square-sails abaft them, to prevent the 
wind deflected by the former from materially affi^cting 
the latter. The number of these sails, as compared 
with the old ones, must be increased or diminished as 
circumstances require for the accomplishment of the 
objects above detailed; thus, in the instance of the stay- 
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6ails between the main and mizen-masts, the yards on 
the main-niast being very square, and the distance 
between those masts comparatively small, the angles 
formed by the lee main-top-sail and top-gallant braces 
with the keel are so large, as to allow of the im- 
proved sails on the mizen-mast being carried nearly 
as far aft as could reasonably be desired, and producing 
a due quantum of useful interception without in- 
creasing their number, merely by using the running 
tacks, and leading the stays as vertically as possible, 
consistently with bracing up the yards, stowing the 
sails, and a becoming attention to regularity and pro- 
portion. The non-interception between themizen- 
top-gallant stay-sail and the mizen-top-sail being ra- 
ther less than one-third of the interception by the foot 
of the former, and the non-interception between the 
mizen royal stay-sail and the mizen-top-sail being two* 
fifths of the interception by the foot of the former^ 
instead of the non-interception in both cases being 
one-fourth the interception by the toot of the stay- 
sail ; a rule which my experience of the effects of the 
deflection of the wind by the old stay-sails, as com- 
pared with those of its deflection by the head-sails 
(which are shaped like the patent sails), leads me to 
believe is unexceptionable respecting the latter (and 
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by which the mizen-top-mast stay-sail, as well as 
some others of either system, are regulated), although 
J would not be considered as positively asserting that 
to be the case, or at least that actual experiment may 
not show the necessity of its being, in particular in- 
stances, somewhat modified. That fact, however, 
being once established, it necessarily follows that the 
new upper stay-sails do not and cannot extend so far 
aft as to deteriorate the action of the wind on the 
square-sails respectively before them, and it is at the 
same time equally evident that they intercept much 
wind, which would not otherwise be intercepted, and 
that their size bears no disproportion to that of the 
masts respectively which they depend on for support ; 
[whereas, it will appear by reference to the diagrams, 
that nothing like the necessary interception can be 
produced by the old ones, without making them so 
preposterously large as totally to outrage every notion 
either as to symmetry of appearance or the preservar- 
tion of the masts. Hence we clearly perceive what 
an immense quantity of the canvass composing the 
old stay-sails (and particularly those on the mizen- 
mast) obstructs wind from the square-sails respectively 
before them, ere they can be carried far enough aft 
to produce any clear or useful interception. And. 
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hence, doubtless, the reason of the upper stay-sails 
on the mizen-mast being discontinued in his Majesty's 
service. But the new upper stay-sails on the mizen- 
mast (vide diagrams and calculations annexed) are 
entirely free from inconvenience, their over-lap of 
the square-sails before them being no greater in pro- 
portion to their size than that of the stay-sails on the 
main-mast. Here, then, is another insurmountable 
objection to the old sails, from which the new ones are 
entirely free, and as such equally adapted to the de- 
sired interception between the square-sails on the 
main and mizen-masts, as between those on the fore 
and main-masts. The consideration, however, next 
in importance to the abolition of the simply lateral 
pressure of the upper triangle of the old stay-sails, 
and its injurious obstruction of wind from the square- 
sails, being the quantity of wind passing between the 
square-sails, that may possibly be intercepted by 
either sort of stay-sail, I shall first presume the old 
upper stay-sails on the mizen-mast to be, as well as 
the substitute sails (with the exception of the mizen- 
top-mast stay-sail when the wind is beaming, its 
clear interception being then wholly insignificant), all 
set ; and the subordinate question being the quantity 
of canvass saved by the new arrangement, it is only 
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necessary to observe, that if the dd upper stay-sails 
be not supposed to be set (or in existence), the differ- 
ence of useful interception in favour of the substi- 
tutes will of course be greater, and the saving of 
canvass not so great. In the particular instance al- 
luded to, of the stay-sails between the main and 
mizen-masts, I would bring the mizen topgallant 
stay down under the top, and the royal stay below 
the main-cap, and have but those two sails bent, 
(instead of three), setting occasionally by the wind a 
flying mizen-top-mast stay-sail. But when, on the 
contrary (as is the case with the fore and main-masts), 
the aftermost of the two masts is highest, and the 
squareness of the yards on the foremost of them, and 
distance asunder of the masts, collectively considered, 
are not such as to render the angles of the braces 
large enough to allow of the sails being carried nearly 
as far aft as may be wished, the desiderata before 
enumerated will be best attained by increasing the 
number of stay-sails. In the present instance, for 
example, I have increased them in the proportion of 
two to each mast, instead of four to three masts ; the 
lower, third, and fifth of their stays being led as ver- 
tically as convenient with regard to the objects enu- 
merated under that head, in treating of the stay-sails 
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between the main and mizen-masts ; the tacks of 
these sails to be veered considerably up the stays, so 
as, by reducing their breadth at the foot, to shorten 
the radii of their trim, and thereby admit of their 
leaches (which, on account of their stays being so ver- 
tical, are very deep) extending considerably further 
aft, and also (except in the instance of the lower 
main-top-mast stay-sail, which, by reason that it is 
often set with the fore-sail up, forms an exception) to 
prevent their obstructing more wind from the square- 
sails (see note, page 18,) than is unavoidable in the 
prosecution of the primary object, vi^. that they 
should intercept such a quantity of wind passing be- 
tween the square-sails immediately before and abaft 
them, as, together with that intercepted by the inter- 
mediate stay-sails, I am now about to particularize, 
shall equal, or if possible exceed, the quantity of 
such wind intercepted by the useful part of the old 
stay-aiuls.*" 

* With a beaming wind^ the mizen-top-mast stay-sail beings as 
above-mentioned, nearly useless, and consequently thrown out of 
the calculation, as well of the old as the new sails, the clear in- 
terception by the new sails (as represented in diagram 14) is very 
materially greater than that by the old ones (as represented by 
diagram 12). And by the wind, the old and new mizen-top-mast 
stay-sails being both set, the difference in favour of the new sails 
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These intermediate stay-sails being intended to in 
tercept the principal part of the urind passing between 
the stay-sails already described, instead of the longi- 
tudinal triangle, which is now removed, must neces- 
sarily all of them have their stays more sloping, and 
their tacks more nearly approximating the masts 
before them than those respectively (the lower main- 



(as shown hy the diagrams IS, 15), is still material^ though not 
to the same extent as with the wind on the beam. The old mizen- 
top-mast stay-sail being set> and the new one not so, the useful 
interception by the old and new stay-sails collectively is precisely 
the same, but vmuch greater proportion of that by the new ones 
occurs between the fore and main-masts, where it is most wanted. 
Indeed, as for myself, considering that the interception by the 
other two sails in that quarter of the ship will, generally speaking, 
be found sufficient, and preferring simplicity of arrangement to 
the acquisition of additional interception, whose efficacy may not 
be indisputably exempt from any sort of counteraction, I should 
not avail myself of the excess of interception in the present in- 
stance, except when (under particular circumstances) the ship car- 
ried a lee helm. Although, therefore (the question being how 
much dear interception may be effected by either sort of sail), it 
is proper to include in the calculation the new mizen-top-mast 
stay-sail (which may easily be set flying, and with at least equally 
as good an efiect as the old one, in proportion to their quanta of 
interception respectively), when by the wind I should generally 
prefer the equal dear interception by the new sails, rejecting the 
flying mizen-top-mast stay-sail, as represented by the engraving 
of a royal yacht dose-hauled. 
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top-mast stay-sail excepted) which they are immedi- 
ately above ; indeed, unless where the breadth of the 
square-sail itnmediately b^ore the stay-sail is exceed- 
ingly great, or even then, if (as is the case with the 
upper main-top-mast stay-suU described in the dia-: 
grams representing a twenty gun ship under the new 
stay-sails) there happen an opportunity of occupying 
the arc of non-interception beneath the foot of such 
sail, it will generally be adviseable to let the tacks of 
these intermediate, alternate, or auxiliary stay-sails 
reach dose forward to the foremost of the two masts 
between which they are set, like those of all the old 
stay-sails : no obstacle arising out of this arrange- 
ment, since, consistently with the necessary restriction 
of over-lap by their clues, it will be impracticable for 
their feet to extend so far aft as those of the other 
three, and consequently their leaches will be so sloped 
as to keep them clear of the lee braces, when their 
peaks are aU in Une, notwithstanding the centres 
round which they describe their segments are further 
forward than those of the principal stay-sails. The 
summum totum, then, of the advantages to be de- 
rived from the adoption of the new sails are — 1st, By 
abolishing the longitudinal triangle, to relieve the ship 
incalculably from simply lateral pressure, tending 
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only to endanger the masts, and increase the lee-way; 
and from a not less pernicious obstruction of wind 
from the square-sails. 2d, By the new method of 
setting and proportioning the stay-sails to intercept a 
greater quantity of wind passing between the square- 
sails than is intercepted by the usefril part of the old 
ones. And 3d, To save a con^deraUe quantity of 

canvass. 

Other not unimportant, though minor consider- 
ations suggest themselves in &vour of the new sails» 
as necessarily emanating from those already recited, 
Viz^ From the abolition of simply lateral pressure' 
results the abUity to carry them, if not longer (which, 
though probably the case, is, considering them as 
light-wind sails, immatmal) certainly with much 
greater safety, since by slacking the sheet of the new. 
stay-sails» the whole strain is immediately taken off 
the stays and masts, and the slightest force will run 
them down, which formerly was by no means the case, 
as every seaman's experience must have taught him, 
and as the first theorem in this book will demonstrate/ 
From their containing less canvass, they may be 
more easily and neatly stowed, are less liable to da- 
ipage in action, and easier kept in repair : some of 
them also might, in cases of necessity, aniiwer very 
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well is substitutes for the boltsprit sails. Indeed, 
the combination of those advantages which render 
th^n more manageable in squally weather, may, by 
the practical mariner, be considered of equal im- 
portance with any other. As the elSciency of the 
sail in light winds being establii^ed, it becomes a 
great desideratum to deduce the risk of setting it in 
unsettled weather. It may not be an useless hint, as 
to the management of the new sails, to observe, that 
the stays of the auxiliaries being the least vertical, 
and consequently those sails (as implied by their de- 
nomination) the least efficacious, should* (except in 
the case of carrying the upper main-top-mast stay- 
sail with the lower one for the sake of steadying the 
ship) be the first hauled down, since the deflection of 
the wind will thereby be much reduced, and the cor- 
recting current thereof equally increased ; the sail on 
each mast being at the same time proportionably 
lessened before the whole of that on either is taken in. 
I shall now, however (conceiving every necessary pre- 
liminary remark to have been made), proceed to de- 
monstration. Firstly, the plane of the canvass con- 
tained in the triangle formed by the peak, nock, and 
tack of a quadrilateral stay-sail, is essentially longi- 
tudinal ; for, let A B C D, Fig. 1, represent a stay- 

c 2 
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$ail of this description, E A D F being the mast abaft 

nvhich it is set, and G H the mast to which it hoists ; 

the relative position of E A D F and G H is then in 

the direction of the keel, H F ; draw the straight 

line B D, and the lines A B, part of A B G, the 

stay ; and A D, part of E A D F, one of the masts, 

being both of them in the plane of the keel, the line 

B D must therefore be the same, and consequently all 

that part of the sail constituting the triangle BAD. 

This seems as clear as theory can make it ; but in 

order to prove it practically, let the sail be properly 

set ; that is, with the head thereof tautly extended 

by the haulyards, the luff by the tack, and the leach 

and foot equally so by the sheet. Then, ease off the 

sheet considerably, and it will be seen that the lower 

triangle only materiaUy alters its position, trimming 

round on the line B D, the common hypothenuse of 

the two triangles BCD, BAD, and leaving the 

uppermost thereof nearly unaffected by the operation. 

Secondly, the plane of the canvass contained in the 

triangle formed by the peak, nock, and tack, of a 

quadrilateral stay-sail being essentially longitudinal, 

although it may, when the lower triangle is trimmed 

v^ry acutely, be somewhat inclined towards the angle 

of the latter by hauling forcibly on the sheet; the two 
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planes can never coindde, except in a fore and aft di- 
rection, as the upper one must, . in^ spite of every 
endeavour to the contrary, remain nearly in ,the plane 
of the keel, unless, indeed, the sail have a great belly, 
and then the apgle at which the lower triangle of the 
sail trims is thereby rendered so very acute, as to lose 
nearly aU its own good effect, and receive in exchange 
the bad effect from which the upper triangle is thus 
partially relieved; or, in other words, the whole sur- 
face becomes what seamen emphatically term a ** bag- 
sail," on the miseries of which it would be superfluous 
to expatiate. I^ then, in order to make . the upper 
triangle of a quadrilateral stay-sail, other than longi- 
tudinal, the good effect of the. useful part of the sail 
must be destroyed, it is but rational to admit that 
the said upper triangle cannot, with any degree of 
general advantage, be rendered other than longitu- 
dinal ;. and it necessarily follows, thirdly, that it can 
produce no other than lateral impulse on the ship, the 
action of the wind on a sail being always perpendicular 
to the plane of the sail (Note a. Appendix.) I know 
I am not singular . iut my objection to quadrilateral 
stay-sails, many excellent officers having (as well as 
myself) shown their disapprobation of them by de- 
stroying the fourth angle thereof ; some, by cutting 
away that part of the sail already alluded to as con- 
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tained between the peak, nock, and tack ; and others^ 
the portion of it induded between the nock, tack, 
and sheet, represented by the triangle A D C, Fig 1. 
But there is to both of these plans, unconnected as 
they have hitherto been with any other alteration, 
objections which have prevented the general adoption 
of either ; viz. 1 st, that the stay-sail thus reduced (or 
rather its useful interception) is too small for its pur^^ 
pose, besides having in the ktter case (particularly 
when it happens that the depth of the lu£F bears a 
large proportion to the head of the sail) an unsightly 
appearance. And secondly, that even when the re- 
duction is made from the peak to the. tack (whidi I 
consider the preferable plan of the two) the hnes 
around which they trim, are somewhat (though not 
very considaably) further from a vertical direction 
than the lines on which tbey formerly trimmed, viz. 
in the direction of the line D G, Fig 1, instead of 
D B, the common hypothenuse of their two triangles ; 
and when reduced from tke nock to the sheet in the 
dhrection AG, still so much fhrther from a perpendi- 
cular, that, in consequence thereof, the direct im* 
pulse of the sail becomes materially less horizontal ; 
and here I think it well to observe, that being fully 
aware the fate of the stay-sails I recommend as sub- 
stitutes for those now used to intercept wind between 
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the square-sails must ultimately depend on the intri n- 
, sic merits of my plan, rather than on spedbusness of 
ai^ument, and that neither the protection of the 
constituted authorities^ nor the preference of corpo- 
rate bodies or individuals, can rationally be hoped tcft, 
unless I produce incontrovertible proof of the supe- 
riority of my sails over the old on6s ; I am anxious 
to answer by anticipation every objection whidi may 
possibly be made to them, and will therefore freely 
admii that even the simply lateral pressure I so un*. 
equivocally ootid^mn, may in one single instance be 
useful ; I mean in light tareeaes with a swell, when 
in order to make the sails ** sleep/' it is desirable she 
should heel a little, atid nd other means of effecting it 
pretient themselves ; for here it is true that the other- 
wise useless and injurious portion of quadrilateral 
stay-sails will, as applicable ix) those ftet on the upper 
masts, by acting as a lever^power on the centre c^ 
motion, give effect to the other sails, and thus (^n^ 
tribute indirectly to the velocity of the ship. This 
state of things, however, can only occur in merchant- 
men without guns ; as in men of war, Indiamen, and 
all ships having letters of marque, &c. heeling the 
ship may readily be accomplished by running in the 
weather guns, a judicious disposition of the heavy 
shot, or ordering part of the numerous crew to lee^ 
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ward. And eveii in cases where these facibties are 
not afforded, if I can manage to set as substitutes for 
the upper quadrilateral stay-sails, . tri-latenJ ones, 
which, generally speaking, and particularly between 
the fore and main-masts, intercept considerably inore 
wind not otherwise intercepted by the square^sails 
than is intercepted by the efficacious part of : the 
quadrilateral stay-sails, I ^ think, considering the 
wind whidi would have been intercepted by the 
said upper triangle of the stay-sails, is now inter- 
cepted by the square-sails, and / that the new. stay^ 
sails ckar interception may ..be made as. lateral as 
thought necessary, I may fairly assume that I have 
removed this solitary objection to the abolition of the 
fourth angle thereof. In order, however, to ascertain 
whether or no these objects can all be attained^ we 
must construct figures exhibiting both the old and 
new stay-sails on board ships - of equal dimensions. 
Let ABC, Fig. 2, . in the line of keel, represent re- 
spectively the positions of the fore, main, and mizmi- 
masts of a ship, DAE the fore-yard,* and F B G 

* I have taken an old 20*gun ship^ as given in Steel's Elements 
of Rigging, &c in 1794> by way of example^ merely because I 
happened to have those dimensions by me when I first commenced 
these calculations; but in the engravings I have been induced to 
seleet more modem proportions^ as better medii of ocular com- 
parison. * 
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the main-yard, both of them trimmed at 33° with 
the keel (the most acute angle at which the lower 
yards .of large ships may conveniently be braced), 
A H the lee-side of the foot of the fore-sail, A I 
(somewhat wider) its head, KL the foot of the 
main-sail, M N its head. 

Let A B C, Fig. 3, in the line of keel, represent 
respectively the positions of the fore, main, and 
mizen-masts of a ship, DAE the fore-yard, F B G 
the main-yard, aiid H C I the cross-jack yard, all of 
them trimmed at 33° with the keel, A K the lee-side 
of the foot of the fore-top-sail, A L its head, M N 
the foot of the main-top-sail, O P its head, Q G the 
weather-side of the foot of the mizen-top-sail, R C its 
head. 

Let ABC, Fig. 4, in the line of keel, represent 
respectively the positions of the fore, main, and 
mizen-masts of a ship, DAE the fore-top-sail yard, 
FBCr the main-top-sail yard, and HCI the mizen- 
topHsail yard, each trimmed at 33° with the keel, 
A K.the lee-side of the foot of the fore-top-gallant- 
sail, AL its head, M N the foot of the main-top- 
gaUant-sail, OP its head, QC the weather-side of 
the foot of the mizen-top-gallant-sail, R G its head. 

Let A B G, Fig. 5, in the line of keel, represent 
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respectively the positions of the fore, main, and 
mizeti-masts of a ship, DAE the fore-top-gallaut 
yard, FBG the main^top-gallant yard, and HCI 
the mizen-top-gallant yard, each trimmed at 33^ with 
the keel,. A K the lee-side of the foot of the fore* 
royal, AL its head, MN the foot of the main* 
royal, OP its head, QG the weathet-side of the 
^ foot of the miieen-royal, R C its head. , 

Let ABC, Fig. 6, in the line of keel, represent 
respectively the fore, main, and miz^n-masts' posi- 
tions, DAE the fore-royal yard, FBG the main 
royal yard, and HCI the mizen-royal yard, all of 
them trimmed at 33^ with the keel, A K the lee-side 
of the h^ad of the fore-royal, L M the head of the 
main-royal, and C N the weather-side of the head of 
the mizen-royal. 

Draw the sines of the angles formed by the yards, 
with the keel, in all these figures, and also by the 
lee-side of the square-sails on the fore-mast, the 
weather-sidia of Uiose on the mizen-mast, and both 
Skies of those on the main<*mast 

Let Fig. 7 answer to Fig. 2, Fig. 8 to Fig. 3, 
Fig. 9 to Fig. 4, Fig. 10 to Fig. 5, and Fig. 11 to 
Fig, 6, with the exception of having their yards on 
the mizen-mast trimmed at 28^ the ship bdng sup- 
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posed, in these Figures, to be by the wind, and in 
Figs^ 2, 3, 4, 5, and 6, with the wind beaming ; and 
it being found necessary, on account of the proximity 
of the main and mizen-masts, to brace the latter 
half a point sharper than the former when dose- 
hauled, but not so with the wind abeam ; when 38^ 
is (vide Fig. 4, Appendix) nearly about the best 
angle at which in fine weather the sails can be 
trimmed ; and in all these Figures draw the sines of 
the angles formed by the yards with the keel, and 
also by the heads and feet of the lee-side of the 
square-sails on tbe fore-mast, by the weather-side of 
those on the mizen-mast, and by both sides of those 
on the mdn-mast, the same as in the Figures 2, 3, 
4, 5, and 6. 

Let Fig. 12 represent the broadside view of the 
masts of a 20-gun ship, as given in Steel, they being 
severally in all their parts of the same length as in 
his Plates thereoi^ and at the same distances asunder 
as in the preceding Figures from 2 to 11, inclusive. 
From Figures 2, 3, 4, 5, and 6, lay off, in Fig. 12, 
the lower, topsail, top-gallant, and royal yards, 
which, in the point of view alluded to, must be 
designated by the co-sines of the angle they form 
with the keel, and their hoist (reckoning from the 
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loyvex^ yards upwards), regulated by the drop of .their 
respective sails. Lay off the breadth of their several 
sails, at head and foot, taking also in designation 
thereof, their co-sines, the direction of the wind 
being (as shown by the arrow in Fig. 2, 3, 4, 5, and 6), 
on the beam, the said co-sines of the' angle which 
the heads and feet of the several sails form with the 
keel, are the longitudinal extent of. their several 
interceptions respectively, as shown on the line of 
keel, and also their sines of incidence ; and were the 
heads and feet of the sails on one mast, of the same 
height as those. on the other, respectively, the inter- 
vals of non-interception between them would there- 
fore be exhibited in those Figures by their several 
intervals on the line of keel. Hence, the square-sails 
in ^ Fig. 12, being severally placed at their proper 
heights, and having the same longitudinal extent 
both at head and foot as in Figures 2, 3, 4, 5, and 6, 
and the heads and feet thereof connected by lines 
representing their leaches, the actual longitudinal 
extent of the area of their interception (which in 
this case denotes the quantum of interception by the 
several sails respectively) at any altitude thereon, is 
shown by the sails in Fig. 12, as also the quantum of 
non-interception between them, respectively. 
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Describe Fig. 13, exhibiting the same ship, with 
the yards similarly trimmed, excepting those on the 
mizen-mast being trimmed at 28° on account of being 
close-hauled, and in Figures 7» 8, 9» and 10, parallel 
with the wind-arrow, draw from the heads and feet 
of the square-sails, across the line of keel, dotted 
lines. It is evident the longitudinal extent of the 
several interceptions by the square-sails is no longer 
what it was with a beaming wind : thus, in Fig. 7, 
that by the fore-sail is no longer as A e A d, but as 
A 1 A 2 : and the same of all the other sails. Shorten 
then accordingly, in Fig. 18, the longitudinal extent 
of interception by all the square-sails, both at head, 
and foot, and connect the points of reduction by a 
dotted line, which will show the longitudinal extent 
of interception by all parts of the sails ; then, having 
found the dimensions of each of the old stay-sails,* 

* In every instance where the dimensions given were not so 
favourable as they might be^ or where no dimensions were given, 
I have regulated them on principles which, as hemg calculated to 
aflSud every possible advantage to stay-sails, are the same whereby, 
my substitutes are proportioned, separate diagrams having been 
constructed for ascertaining the proper breadth of their several 
feet, and reference had to Fig. 13, as to how they are crossed by 
the braces ; the necessary corrections being made in consequence of 
the rake of their leaches, &c. The main-top-mast stay-sail's dimen- 
sions at foot being fuU large (allowing a fourth of non-intereep-. 
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lay them off in Fig. 13, and let them be supposed to 
be trimmed at S5^ having their co-sines shortened 
accordingly, and lay them off in like manner in 
Fig. 7, 8, 9, 10, making © their feet and ♦ their 
heads : draw, in these figures, all the sines of the angle 
formed by the stay-sails Trith the keel in like manner 
as done by the square-sails, draw also, from the clues 
of the stay-sails, across the line of keel, dotted lines, 
and draw, in Fig. 7^ the lines A a, b Bb ; and in 
Fig. 8, 9, 10, 11, the lines A a, bBb, and Cc, at 
right anglei^ with the wind, crossing the positions of 
the masts, and showing all the sines of incidence 
and intervals of non-interception. 

Lay off the old stay-^ails in Fig. 2, 8, 4, 5, 6, 
trimming them at 33^ (the same as the square-sails) 
in consequence of the wind bdng supposed, in those 

tion)^ considering the continued breadth of the sail upwards^ in 
consequence of the upper triangle^ I have not been able to increase 
its extent aftwise at the head^ so as to give it a more regular rake^ 
as in so doing I must^ on account of Ihe very small decrease of the 
main-sail's breadth upwards^ have closed up the intermediate non- 
interception too much^ and^ in some degree, even that at its head : 
I have, therefore, adopted its actual dimennons, as given by Steel, 
both at head and foot. The miaen stay-sail, from having no 
square-sail abaft it, is an exception to the general rule of having 
the peaks of stay-sails extend somewhat further ajR; than their 
clues. 
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Figures, to be on the beam : and then lay them off 
in Fig. 12, with the same dimensions as in Fig. 13, 
but with a greater contraction of their co-sines by 
the change of their angle with the keel. The co- 
sines of their said angle, shown on the Ene of keel, 
denote the longitudinal extent of their interceptions, 
and (the wind being on the beam) the sines of their 
incidence also. And supposing the feet of the stay- 
sails, as represented in those Figures, to be on a level 
with either l^e heads or feet of the square«sailsjt 
the several intervals on the Une of keel between the 
heads and feet of the square-sails and those of the 
stay-^sails, respectively, would show the non-intercep- 
tion between them : consequently, the stay^-sails in 
Fig. 12 being severally placed at their premier heights, 
and having, both at head and foot, the same longi- 
tudinal extent as in Fig. 2, 3, 4, 5, 6, and the heads 
and feet thereof being connected by lines representing 
their leaches, the areas of their longitudinal extent 
actually abaft the square«saik, are the quanta of their 
clear interception: or, in other words, the wind 
being on the beam, the longitudinal extent of the 
areas of the stay-sails abaft the square-sails, actually 
is, what it appears to be ; namely, the areas, or 
quanta, of their dear interception. But it is ako 
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evident the longitudinal extent of interception by 
the stay-sails is not in Fig.. 13 the same as in 
Fig. 12. Take the middle stay-sail, for instance, 
and look to Fig. 8, wherein the sheet. is represented 
as trimmed at 25^ . and the wind six points on 
the bow ; the longitudinal extent of its intercept 
tion at the foot will appear to be no longer as A d, 
but as A 3. Lay off then in Fig. 13, on the middle 
stay-sail, the distance A 3, showing the present lon- 
gitudinal extent of the . interception by the .foot 
thereof; and draw a straight dotted line thence. to 
the peak, which line will show the longitudinal 
extent of its present interception all the way up the 
saU, and the area included between the dotted line 
on the stay-sail and that on the square-sail will be 
the area of the longitudinal extent of clear intercep- 
tion by the stay-sail: and so will it be of all the 
other stay-sails, if treated in like manner. Construct 
the Fig. 14, 15, the former exhibiting the same ship 
with the wind on the beam, the latter by the wind, 
and having found the proper positions and dimen- 
siotis of all the new sails,* lay them off in these 

* The new main-top-inast stay-sail I have regpilated precisely 
at one-fourth of non-interoeption^ and given it the proper rake ; 
vtz. that of the line of longitudinal extent of interception hy the 
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Figures, shortening, in either instance, the feet 
thereof as their co-sines, and marking, in Fig. 15, as 
of the old stay-sails in Fig. 13, the longitudinal 
extent of their several interceptions, clear of the 
square-sails : and it will manifestly appear, on com- 
paring Fig. 14, 15, with Fig. 12, 13, respectively, 
that, 1. According to the first theorem of the 
Treatise, and first of the Appendix, the ship is 
relieved^ hy the new sails, from all simply lateral 
pressure ; and, 2. That she is relieved from a most 
extensive and pernicious obstruction of wind from 
the square-sails, occasioned by the upper triangle of 
the old sails, which is now removed. It remains, 
however, to be proved, whether more of the wind 
passing between the square-sails is intercepted by the 
new stay-sails, than by the useful part of the old 
ones. It also remains to be proved, whether the 

main-sail when close-hauled (which is parallel with its line of inci- 
dence), trusting to the rapid diminution of its head in consequence 
of its heing triangular, that, the deflection from it will be so 
much less than that of the old stay-sail, and Ihe correcting current 
consequently so much greater, that it will not throw an eddy wind 
against the main-sail and main-top-sail, observing always to haul 
down the upper stay-sails on each mast when (they being all set) 
the wind becomes so fresh as to require that sail should be short- 
ened thereby (as beforementioned), increasing the correcting 
current, and diminishing the deflecting surface. 

D 
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stay-sails between the masts trim at a better angle 
when by the wind, and only when nearly by the 
wind, than the square-sails ? and whether that angle 
is 25^? Whether their clear interception bears a 
greater proportion to that of the square^sails when by 
the wind than on any ojther point of sailing ? and 
whether their longitudinal impulse, when trimmed 
at the best angle (the wind being six points on the 
bow), is more horizontal than when the sheet id 
flowing? Let us then inquire, 1. What is the best 
' angle at which a sail can be trimmed^ with the wind 
six points on the bow, so as to contribute the most 
largely to the head- way of the ship ? 

It having been sho^vn (Theorem 1, Appendix) as 
to the action of the wind on a sail, that the direction 
in which it acts is always perpendicular to the sur- 
face of the sail, it now becomes necessary to ascertain 
the degree of that action, or the force it exerts 
thereon under every possible circumstance ? 1. Then, 
a fluid strikes a surface perpeiidicukrly, as the square 
of its velocity, (b. Appendix.) 2. If the surface be 
presented obliquely to the fluid, its force will then be 
diminished as the square of the sine of incidence ; 
(c. Appendix,) which facts enable us to decide that, 
3. The best angle at which a sail can be trimmed 
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^ith the wind six points on the Jbow, go as to pro- 
duce the greatest possible direct impulse on the ship, 
is 25^ (d, Appendix.) Therefore, when by the wind, 
and only when by the wind, or nearly so, the stay- 
sails (being void of the impediment the square-sails 
experience) trim at a better angle than the square- 
sails, £«d that angle is S5^ From hence, too, we 
may be able to approach the truth as to the compara- 
tive direct impulses afforded by the obstructive 
portion of a triangular stay-sail and the part of a 
square-sail from which wind is thereby obstructed. 
Thus, supposing a square-sail to be trimmed at three 
points, allowing for its belly, I imagine the weather- 
side thereof to trim at about three and a half points, 
and the lee-side at about two and a half points, or 
28^: assuming then, for argument sake, that 28^ 
were the best angle at which the stay-sail could trim, 
it would result from thence, that the obstructive 
portion thereof produced the same effect it hindered 
the square-sail from producing. It has, however, 
been shown (d. Appendix) that 25° is the best angle 
at which (the wind being six points on the bow) a 
sail can trim, which, it is admitted, may probably be 
about 3^ more acute than that at which the lee-side 
of a square-sail would trim ; it does not, however, 

D 2 
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result from thence, that the obstructive portion of s 
stay-sail produces more direct effort than the part of 
a square-sail, from which wind is thereby obstructed^ 
otherwise would have produced. Since the preceding 
case is one of equal surfaces, producing, on account 
of their different incidences, unequal interceptions, 
whereas . the case now alluded to is that o£ equal 
interc^tions by unequal surfeces; a dmilar result 
therefore is not to be expected : for in Fig* 3, Ap- 
pendix, the surfaces G H and M N being equal, the 
sine of the angle M C P (the angle that M N^ 
trimmed at 25^ with the keel, forms with the wind) 
is necessarily greater than the sine of the angle 
G C P (the angle that G H, equal to M N, trimmed 
at 28° with the keel, forms with the wind), and the 
sine of the angle of incidence has been shown (Fig. 2, 
Appendix) to measure the quantity of wind which 
strikes a sail ; but in the instance of one sail obstruct- 
ing wind from another, it is manifest the quantity of 
wind that strikes the obstructive part of the former 
must be precisely the same that would otherwise 
strike that part of the latter from which the wind is 
thus obstructed : in the instance, therefore, of a stay- 
sail trimmed at 25° with the keel, obstructing the 
access of wind to part of the lee-side of a square-sail 
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said to stand at 28* with the keel, the case is not one 
of equal surfaces with unequal incidences producing 
unequal interceptions, as in Fig. 3, Appendix, but 
of unequal surfaces with unequal incidences, produc- 
ing equal interceptions. Thus, Let AB, Fig. 16, 
represent a ship's keel, C D the main yard trimmed 
at 33^ the arch C E D the belly of the mainsail, the 
plane of the lee-side whereof, represented by the 
straight line E D, forms an angle of 28® with the 
keel, and let F G be the plane of a triangular stay- 
sail trimmed at 35° with the keel, H F I the wind 
crossing the main*mast, or luff of the mizen-stay- 
saily towards, the belly of the main-sail, in the direc- 
tion of six points on the bow, K 6 D parallel to 
H F I the aftermost line of the wind on the main- 
sail, in the direction of the clue thereof^ D. F G 
then, is the portion of the mizen-stay-saU which 
obstructs wind from the main-sail, and ID, formmg 
an angle of about 27^ with the keel,, the portion of 
the main-sail from which wind is thus obstructed ; 
from the points I and F draw the straight lines F L 
and I M perpendicular to the line K D : I M then 
is the sine of the angle of incidence, I D M, whose 
radius I D is the portion of the main-sail from which 
the wind is obstructed as aforesaid ; and F L the 
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sine of the angle of incidence, F 6 L, whose radius '- 
is F 6, the portion of the mixen-stay-sail ohstructing> 
wind from the main-sail. But FL and IM are 
opposite sides of the parallelogram F L M I, and con- 
sequently equal; and in Fig. 3, Appendix, it will 
appear, by admeasurement, that the sine MS of 
the angle M C P, of 25° (the angle at which M N 
trims with the keel) is to the sine 6 R of the angle 
G C P, of as*' (the angle at which G H trims with the 
keel) as 57 to 54. Now let F O, Fig. 16, Treatise, be 
the direction of the ship^s beam, and with a common 
force (being that of the equal sines (^ incidence F L 
and I M), let the surface F G, and the surface F P^ 
which is parallel with I D, both of them be struck at 
the point F in the direction of the wind H F : draw^ 
perpendicularly to these surfaces respectirely^ the 
forces Fl, F2, proportioned to the perpendicnlar 
forces ^certed thereon by the common force before^ 
mentioned, according to their different angles of ind-^ 
dence K G F, K P F, and they will represent respect- 
ively the forces of the obstructing and obstructed 
portions of sail in question. Draw the parallelograros 
F 1, F 2, eadi having two sides parallel to the keel» 
and two to the beam, and these sides will represent 
the lateral and direct f(»rces, of which their total 
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forces are composed, the direct force of F 6, in the 
position of the portion of the stay-sail obstructing 
wind fiom the square-sail is F 3, and that of F P, in 
.the position of the scareened part of the main-sail F 4, 
which is a trifle greater than F S. Besides which, 
there is another subtraction to be made from the 
.direct force of the stay-sail, inasmuch as stay-sails 
have not the advantage of square-sails as to the direc- 
tion of the lines around which they trim, the former 
being vertical, and the hitter forming various, but 
always considerable angles with the zenith, by reason 
whereof (see Theorem 1, Appendix) the longitudinal 
impulse of the latter is not in a purely horizontal 
direction, but deviating therefrom in the same degree 
as the plane of the sail deviates from a perpendicular. 
The horizontal part of the longitudinal impulse of 
such sails (or iheir head-way impulse) is there&re less 
, than that afforded by equal surfaces of square-sails 
trimmed at equal angles, and this diminution, admit- 
ting the force exerted cndl each sort of sail to be equal, 
is, as thfe oo-sine of the angle of the said impulse with 
the horizon (or angle of rising). For instance. Let the 
triangle ABC, Fig. ly^ represent a stay-sail, whose 
stay, A B, forms an angle of 45° with the zenith ; if 
the foot BC of the stay-sail be extended by a 
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stretcher, and the sheet eased off with the wind 
blowing abaft the beam until the clue of the sail is 
abreast of the stay, or its foot forming a right angle 
with the keel, the whole plane of the sail must then 
be in the plane of the stay, and (Theorem 1, Ap- 
pendix) the impulse of the wind thereon will conse- 
quently be upwards at that angle : call C D the direct 
force, and from the point D let fall a perpendicular 
DE: CE, the co*-sine of the angle of rising 
G E D will be the horizontal part of the longitudinal 
impulse of the stay-sail. Now suppose an equal sur- 
face of sail to trim round like a squarensail on the 
perpendicular line A C, representing the mast» at the 
same angle as said of the sail ABC, its plane wiU 
be in the plane of the mast, and let its longitudinal 
impulse be equal to that of ABC, instead of its 
being in the direction C D, it will be in that of C B, 
which being, as well as CD, a radius of the quadrant 
ABC will also be its force. But C B is considerably 
greater than C E ; supposing, therefore, the force 
with which a stay--sail is struck to be the same as 
that of an equal surface of sail, trimming at equal 
angles with the keel, on a vertical line, the headway 
impulse of the former is less than that of the 
latter, as the co-sine of the angle of rising of the 



ST 

former. It is clear that, as the sheet is again 
gathered aft, the angle of deviation of the plane of 
the sail from a perpendicular (or the angle of rising) 
becomes gradually diminished, but that unless the 
sail were absolutely fore and aft (in which direction 
it would afford no .direct impulse at all), its plane 
still deviates, in some degree, from a vertical position ; 
and supposing it to be trimmed at 25% the fact is 
(as may be proved by experiment on a model), that 
the angle of rising will be about 10°. Let C F, 
equal to C D, or C B, be the longitudinal force of 
the sail ABC, when trimmed at 25°, as before ssdd ; 
from the point F let fall a perpendicular F G on the 
line C B, and F G is the sine of the angle of rising 
(or of the angle contained between the direction of 
the sail's impulse and the horizon); and CG, the 
co-sine thereof, is its horizontaUy longitudinal force, 
which, though somewhat less than C B, is immate- 
rially so, compared with C E ; therefore the longi- 
tudinal impulse of a stay-sail, whose stay is not per- 
pendicular, is more horizontal when the sheet is 
trimmed at 25° than when it is flowing : ♦ the differ- 

"^ It might be added> that its impulse, as compared with that 
of the square-sail^ is also proportionably greater when the sheet is 
trimmed at 25^ than when the sheet is flowing ; for although the 
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ence too, between the horizontally longitudinal im- 
pulse of a stay-sail trimmed at 25^ and that of an 
equal surface of square-sail trimmed at the same 
angle, is by no means so great as the difference in 
&vour of a square-sail trimmed at @5^ compared 
with an equal surface of square-sail trimmed at 3S% 
for 7, 5, in Fig S, Appendix, bears a greater propor- 
tion to C 7 than B6, Fig. 17» Treatise, bears to CB; 
or, in other words, what the stay- sail, when trimmed 
at S5^ loses by the angle of rising, it more than 
gains by trimming at a better angle with the keel 
than the square-sails : it is therefore demonstrated, 
that the part of ia triangular stay-sail whidi pro- 
duces a clear interception when the ship is by the 
wind, is at least as efficient as an equal surface of 
the square-sail, and if my allowance for belly of the 
square-sail be correct, the deficit of horizontally 

Ibroeof the wind on a stay-sail^ in the former case, is nearly the 
same as that exerted on an equal surface of square-sail trimmed at 
the same angle^ it is by no means so in the latter case ; for, sup- 
posing the sheet to be as beforementioned^ trimmed at right angles 
with the keel, and the wind afit, the wlude surface df the square- 
sail is opposed to the wind, but that of the stay-sail is diminished 
in projportion to the angle of its rising, which is then very great, 
and the jforce of the wind thereon (see Fig. 2> Appendix) oonse- 
quently diminished as the square of its sine of incidence. 
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direct impulse by a triangular stay-sail obstructing 
wind from a square-sail, in consequence of the greater 
surface of the latter, and the angle of rising of the 
former, being (see Fig. 16, 17^ Treatise) about a 
fifteenth, it follows, that the obstructiye part of a 
triangular stay-sail produces one-fifteenth less head- 
way impulse than the screened part of the square^ 
sail otherwise would. It is also true that the belly of 
this part of the staynsail (like every other additional 
substance) will, in some measure, impede the ship's 
way: it is, however, to be observed, on the other 
hand, that we have no positive rule as to the bellying 
of square-sails, which is doubtless of infinite variety, 
according to the breadth and make of the sail, and 
it also seems probable, that the wind which is said to 
be obstructed from the square-sail by the triangular 
stay-sail, closes round the angle of the latter, and is 
not wholly destitute of usefrQ impulse on the former. 
On the whole, therefore, perhaps the justest conolu* 
sion we can draw on the subject, in the absence of 
sujffident data for ascertaining it more precisely, is^ 
that the difference of head-way impulse between the 
obstructive portion of a triangular stay-sail and the 
part thereby screened of the square-sail before it, is 
so small, that when the useful or clear interception 
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of the stay-sail caii be materially increased by adding- 
to its obstructive part, it is advisable to do so, but 
that the less of such obstructive canvass the sail con- 
tains, consistently with the fullest possible clear inter- 
ception, the better, on account of velocity, safety^ 
lightness, neatness, and oeconomy. If any thmg 
further were necessary to show the erroneous prin- 
ciples of quadrilateral stay-sails, it might be this: 
on inspecting Fig. 3, Appendix, it appears that, in 
order to produce the greatest possible direct effort, 
the sail being trimmed at 25^ instead of 33^ the 
direct effort is increased only in the proportion of 
one-twelfth, and the lateral effort nearly a third; 
and to show the baneful effect of the upper triangle, 
(which must, as has been shown, either be itself 
essentially longitudinal, or supersede all the good 
effect of the lower triangle). If the sail be placed in 
the direction UV at IS*" with the keel, its total 
force being laid off, C 8, on the same principle as 
that of the other sails^ and a parallelogram described 
to show the direct and lateral forces of which it is 
composed, its direct force, C 9» will be found nearly 
a third less than that of MN, and its lateral force 
more than a third greater, therefore there can be no 
doubt but the effect of the fourth angle of a stay-sail 
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is (besides its obstructive quality), either to produce 
in itself an immense quantity of simply lateral pres* 
sure on the ship, or to reduce the direct impulse of 
the lower triangle in a very great degree, and to 
increase its lateral impulse in a much greater, whilst 
the preponderance of its own impulses is so much on 
the wrong side as to afford nothing like an equivalent 
for the mischief it does to the effective triangle. I 
can imagine but one more pretension in favour of the 
fourth angle of a stay-sail, namely, that its lateral 
effort abaft the centre of rotation may occasionally 
assist in bringing or keeping the ship to the wind, or 
before it, in paying her off, yet even, in this respect, 
the rotatory motion of a ship being governed as much 
by the rudder as the sails, and the power of the 
rudder being in proportion to the velocity, as it has 
been shown that the far greater proportion of the 
longitudinal part of the stay-sail in question tends 
to diminish the velocity, the efficacy of the lateral 
force thereby afforded in assisting the manoeuvre of 
the ship is very questionable, it being only as its 
excess of the quantum of power whereof the rudder is 
thereby deprived, besides jvhidb the quadrilateral 
Btay-sails being displayed only between the masts, 
the rotatory lever power above alluded to, is but 
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trifling in comparison of that which is afforded by 
sails at the extremities of the ship, as the driver and 
gaff top-sail abaft, and the fore-top-mast stay-sail, 
jibs, &c. and lofty weather studding sails forward, 
all of which possess the double superiority of being 
fiirther from the centre of rotation, and exempt from 
any reduction of their effort on account of their 
relative positions with other sails. It will be seen by 
the following calculations, that the area of intercept 
tion free of the square-sails by the effective part of 
the old stay-sails by the wind (the longitudinal 
extent thereof being reduced one-twelfth) in propor- 
tion to the diminution of the sine of incidence is, 

in square feet 4,383 

That by the new stay-sails 4,607 



M 



Square feet in &vour of new ditto 9) 224 

Or square yards • 25 

Area of clear interception by the effective 

part of the old sails with the wind beaming 2,978 

Ditto by the new sails • . • . . 8,395 

Square feet in favour of the new sails 9) 417 

Or square yards 45 
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' The clear interception^ therefore, by the new stay- 
sails, whether by the wind or with the wind beam- 
ing, but particularly in the latter case, is consi- 
derably greater than that by the efficient part of the 
old stay-sails.* 

These calculations also show that the clear inter- 
ception of stay-sails between the masts is much 
greater by the wind than off it, and (the yards 
being in nearly the same position with the wind six 
points on the bow, as when it is on the beam (see 
Fig. 4, Appendix), their sines of incidence must of 
course be very considerably less when close-hauled 
than with the wind beamings therefore (the clear 
interception of stay-saUs between the masts being 
greater by the wind than large) it not only bears a 

* The muen stay-sail is not included in tlus^ or any of the 
following calculations> being substituted by a gaff-sail, which is 
not of my invention. 

Stay-sails not trimming round vertical lines are (I am aware) 
contracted upwards (as well as horiirontally) by trimming. This 
contraction, however, not being noticed in the calculation of the 
interception by either sort of stay-sail, is equally fair for both, 
and the diminution of the interception occasioned thereby may, 
.without much additional expense of canvass, be obviated* by 
cutting the feet with a sweep, which would, perhaps, be advisable, 
and the clue might as well be rounded off a little to make it work 
easier over the stay- 
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^eater, but an enonnously greater proportion to that 
of the square-sails by the wind than on any other 
point of sailing. 

Square Yards 

* The total area of the old stay-sails is .... l,42d 
Ditto of the new sails 1,032 



Showing that the new sails require less 

canvass than the old ones 397 

Which is a diminution of more than a fourth part of 
the canvass required by the old sails. 

The new stay-sails therefore require considerably 
less canvass than the old ones. 

Lastlyi taking the rectangle with the common 
hypothenuse of the upper and lower triangle of the 
old sails (or with the axis around which the lower 
triangle thereof trims) as the directions of their 
forces, and the rectangle with the stays of the new 
ones as the direction of theirs, and the number of 
square feet of useful interception by each sail as its 
direct force, and laying them off accordingly in 
Fig. 20, Treatise, the horizontally direct forces of 
the new sails, and of the old ones, wiU be thereby 
pourtrayed, and will appear (according to the calcu- 
lation of the angles) considerably in favour of the 

• See Figs. l8, 19, Treatiae. 
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new sails ; and their upward force being also exhi- 
bited, the. mean angle of the forces of the old sails 
will be>found to differ from that of the new ones 
only one degree, which is, of itself, perfectly incon- 
siderable :, and were the forces given in the direction 
in which they are really exerted when by the wind, 
viz. 10^ as their mean instead of 45^, the difference 
would not be a quarter of a degree. Therefore the 
longitudinal: impulse of the new sails, taking them 
cdUectively,' or the. mean impulse thereof,^ is equally 
horizontal^ or condudve to velocity, as that of the 
old ones. The sum and substance then of what has 
been proved in detail is, 1. That the prevailing 
notion amongst seamen, ^^ that the old quadrilateral 
stay-sail used for the purpose of mtercepting wind 
between the square-sails does more harm than good 
when by the wind " (on which point stay-sails are 
miost particularly necessary, as studding sails cannot 
then be used for the purpose of the desired interme- 
diate interception), is quite correct. 2. That the 
action of the new stay-sails is at all times as good 
as even that of the jibs, which although theoretically 
not affording quite so much horizontally longitudinal 
or direct impulse as the square-sails off the wind, on 
account of their angle of rising, are, for that reason, 

£ 
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very lively toils. 3. That the action of the new 
mih by the fdnd, is fiill as good as thlit of iht square^ 
^ih, and odiisequently tihut their de^ inteiception 
be^Hg an enoirnioully greater jHfo^rtion to that of 
th^ square^salb on that point than on any ©ther, 
th^y ate piia-eminentty ns^fid when moait required. 
4. That they are prdp(»1i6ned to the istrength <^f the 
toasts which are to hear them Itesp^ively. 5. I'bM 
they aie less liable to i d^?eit^rating ti&ik^ than th^ 
old on^s, and may therefdire be carri^ Idngel* than 
them without f^rowin^ an eddy wind againisA tiie 
square-sails abaft lliem. ^. That they may be 
daitied with touch greater tofety than thi^ dd ones, 
hdaxg ^ eai^ily hauled dbWn and stowed. 7. That 
thtey stow mMi neater tha^ the ^Id onea. %. That 
they require ccmslid^ably leste eatiVaGls. 
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(Kote a) The aption ot the wind on a sail is alwayi 
perpendicular to its surface^ 

That it is sOj when the wind strikes it at right angles, 
must be iel£«vident ; but it is the eame, though with a 
MiaUer degree of force, when the wind strikes it 
obliquely. 

For, let « body or particle, A, Fig. I, strike a surface, 
BC, obliquely at B, with the force AB, it will be 
deflected in the direction B D, and impart to the said 
f^urface the perpendicular force B E, equal to A C, th6 
sine of the angle of incidence ABC. 

(Ifote b) A fluid ^strikes a surface perpendicularly as 
the equare of its yeloci^. 

For when a single body strikes another which is at rest, 
it is Willi its momentum, that is, witih a force equal to its 
mass multiplied by its velocity, and if the mass of the 
body be called one, it is easily conceived that it wiU 
strike or impd anoAer with it force tiiat may be expressed 
by its velocity. But a body moving in a fluid, will have 
to encounter ^Duore bodies in -tiie eame time, as its velocity 
increases, for with mx. times die velocity it will encounter 
six times the number of bodies, or particles, and each 
particle will etrike with six times its (»iginal force, there« 
fore the body in motion will 'be shocked with an impetus 
of six times «ix, which is the squu^ of its velocity. 

e2 
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(Note c) If a surface be presented obliquely to the 
fluid, the force which the fluid exerts on the surface will 
be as the square of the sine of incidence. 

Let A B, Fig. 2, represent the direction of a fluid, and 
CD a surface opposed to it perpendicularly; in that 
position it will obstruct all the fluid passing between the 
points C and D ; but if the surface be placed obliquely to 
the fluid, as C B, it will then only . obstruct the quantity 
between the points C and. A, which are separated by the 
sine of the angle of incidence, C B A ; . therefore the 
quantity, or mass, striking the surface is dimiiushed as 
the sine of the angle of incidence : and it has alrea,dy 
been, shown. Fig, 1, that, be that quantity whatever it 
may which strikes a surface obliquely, the perpendicular 
force it imparts is only as the sine of its angle of incidence ; 
therefore the action of a fluid on a surface perpendicularly 
opposed to it is diminished, from two causes, by the sur- 
face assuming an oblique direction ; 1. Because the, par- 
ticles striking it are less numerous ; and, . 2. Because 
those which continue to strike it no longer impart to it 
the same force ; both of which diminutions following the 
ratio of the sine of incidence, the.total.diminutipn is as 
the square. of the sine of incidence. 

(Note d) The best angle at which, a sail. can, be 
trimmed, with the wind. six points on the bow, so as to 
produce the. greatest possible; direct -impulse on the ship, 
is 26®. For, let A B, Fig. 3, represent the direction . of a 
ship's keel, CD her beam, EF any of the. square-sail 
yards (as the main-yard) trimmed at three points, or .33? 
with the keel, and let O.H represent an equal surface qi 
«f^l trimmed at two and a half points, or 29P^J K, another 
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equal surface of sail trimmed at 02^, L C the direction of 
the wind blowing at six points on the bow ; draw perpen- 
dicular to these several sails the forces 01,02, 03, 
proportioned to the squares of the sines of the different 
angles of incidence LOE, LOO, L 01, and they will 
represent the forces of each of those sails respectively ; 
draw the parallelograms 01, 02, 3, each having two 
sides parallel to the keel and two to the beam, and these 
sides will represent the lateral and direct forces of which 
their total forces are composed. Let us first consider the 
direct force, as being theoretically the only one affecting 
our proposition. The position of the sail E F, at 33^^ 
gives (as may be seen) a direct force 4 ; that of OH, at 
28'', the direct force O 6 ; and that of I K, at 22'', also the 
direct force O 6 (the same as that of O H), Now, seeing 
that the direct forces of Cr H and I K are the same, and that 
of E F considerably less, it is presumable that an inter- 
mediate direction of the sail between O H and IK would 
produce some trifle more of direct force than those direc- 
tions : let M N then at 26^ with the keel, represent another 
equal surface of sail; draw perpendicular thereto the 
force C6, proportioned to the square of its sine of inci- 
dence, and draw the parallelogram as of the other forces, 
and it will be seen that the direct force thereof, 7, is (as 
was presumed) a small matter greater than the force 5, 
the common direct force of O H, trinmied 3^ less acutely 
with the keel than M N, and of I K, trimmed 3^ more so. 
Draw the tangent, MO, of the angle M 0, contained 
between the yard and keel, and also the tangent, M P, of 
the angle MOP, contained between the yard and the 
wind, and the latter will be found to measure double the 
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former^ which will always be the case when (the wind 
forming an angle with the keel) the sail is trimtned at the 
angle most, favourable to the production of direct impulse. 
For the production, therefore, of the greatest possible 
direct impulse on the shipi n^hen the wind is six points on 
the bow, the sail should be trimmed at 26°. 

The inference from this demonstration is> that the yards 
should, as far as possible, be trimibed according to the 
rule prescribed for increasing direct impulse, in order, as 
much as possible, to increase the head-way of the ship. 
"But although this rule is unexceptionable, as applied to 
the point in question, 7>iz. the trimming of stay'-sails con- 
sidered as light wind saild, and when the wind is not con- 
siderably abaft the beam, to square-sails also in light 
winds, as for as it can be practised, it is not to be re- 
ceived practically as ati invariable rule, there being fre- 
quently olgeetions to it; and, 1. When blowing fresh, for 
then it is advisable, by merely trimming the saik well 
full, to produce as little lateral impulse as possible, that 
the more sail may be carried to produce direct impulse, 
without either distressing the masts, heieling die ship^ or 
increasing the lee-way, so much as by Ae other plan. 
Besides which, ialthough the rule is theoretically good, 
supposing the sail to be.aU on one mast, or in a fore tod 
aft rigged vessel, according to the general proportion of 
yards to the distances asunder of the Honsts^ it is not so, 
even without studding-sails, in square-rigged tiefslrels, 
having more than one mast, when considerably off d^ 
wind, on account of the diminution of the ^aces of non- 
interception beyond a due proportion to the breadths of 
the sails, or quanta of interception, and tive earlier ob- 
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Btructiou of wind by the sails on the one mast from those 
on the mast immediately before it. For, let ABC, 
Fig. 4i App^i^di^, represent the positions, respectiyely, of 
the fpF^, main, and mizen*masts of a ship, at the sam^ difr- 
t^c^s a^uud^r as in the other Figures A D, B D, and C D, 
l^h^wing the direction of the beam, pmd let the diameters 
ojf th^ thr69 cirptes xespectively be the breadth of the top* 
sails, at the height of the foot of the maia'^top-sail, it will 
be seen that, with the sails in the two different directians 
of 33° and 40°, the tangents of the angles between the 
sails and wind, and the sails and keel, being regulated as 
abovementioned, the rule holds but partially good, even 
in the first instance, wherein the non-interception between 
the fore and main-top-sails is superabundant: but the 
mizen-top-sail obstructs wind from the main one, which 
would require the mizen-top-sail, were it merely to remove 
the obstruction in question, to be trimmed in the direc- 
tion of C 46, or at 46° instead of 33°, and renders it 
advisable, if under low sail, to trim the main-yard, &c. 
somewhat in : since, although the same proportion of non- 
interception inay not be necessary off the wind as by it, 
the sines of incidence by the sails certainly should not 
overlap each other, and some free current of wind between 
the sails seems advisable. In light weather, being under 
lofty sail, the opening between the sails is considerably 
greater aloft than below ; but trimming by the breadth of 
the top-sails on a level with the foot of the main-top-sail, 
the non-interception may be sufficiently closed up by 
stay-sails, and top-gallant and royal studding-sails. In 
the second position of the sails, with the wind about three- 
quarters of a point abaft the beam, the opening between 
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the top-sails on the fore and main-masts^ at the height of 
the foot of the main-top-sail^ is still superabundant^ being 
more than a fourth of the interception by the fore-top- 
sail ; but the mizen-top-sail, although trimmed 6^ more in 
than the rule prescribes^ still obstructs wind from the 
main-top-sail in the proportion of above a fifth part of the 
interception by the lee-side of the latter^ rendering it 
necessary, to trim it in the direction C 67, or at 67^ 
instead of 40^. 



REMARKS 



Oir THE 



PROPORTIONING OF JIBS, &c. 



The arrangement I propose, for the boltsprit sails 
is calculated to produce the utmost possible inter- 
ception in light winds, and by having the lower 
jibs proportioned to the spars that are to bear them, 
and the levers at the end whereof they set, no change 
of their positions thereon will ever be necessary, ^ and 
consequently all the travelling gear may be dispensed 
with, but as the wind freshens they may be gradu- 
ally taken in from outwards without that loss of way 
that is occasioned by hauling the jib in to the dif- 
ferent parts of its boom. And, when blowing strongs 
instead of the old jib half-boom in (the fore-topr-mast 
stay-sail necessarily hauled down in consequence 
thereof) the fore-top^mast stay-sail and inner jib 
will be carried to much greater advantage; 1. Be- 
cause, the sail being set on two stays instead of one, 
its luff will stand better up to windward, and the 
action of the sail will consequendy be less lateral : 
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indeed, in this instance, as well as in the system of 
the patent sails, the great desideratum of multiply- 
ing weather leaches is extensively accomplished. 

8. Because (the length of boom on which the new 
inner jib sets not beiing considerably greater than 
that of the old jib when half-boom in), as the sail is 
set in two parts, instead of being aU at the end of 
the lever, it may be carried Ipnger.* 

3. Should one jib be shot away in action, the 
other will keep the vhip out pf the wind, or wear h^. 

4. The lower jibs all stpw easier and neater than 
the old ones, and are quicker set 

The jib, top-gaUant, aod royal might probably be 
better set somewhat lowar down oa the stays, than as 
represented in the plate, when the ship is not maksig 
iAtf»rttadai, but must, oniuxxrant of woriung easier 
oirer the etay, be hoisted to that position prior to 
going about, and the jib-top-saii must then be hauled 
dowa. 

These aiae no additional stays to the upper jibs, 
the two uppermost thereof setting on the top-gallant 
and royal stays, and the odier flying. 

The jib, top-gallant, and royal being passed out to 
the outer boom end by the taok round its lulF and a 
hasid on <he boom, the haulyards and downhaul 
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may then be bent, and two or three hanks (according 
to the size of the sail) being kept on the stay fitted 
with nittles, and the downhaul rove through them, 
the nittles may be hitched to the luff for the purpose 
of confining it sufficiently close to the stay, and the 
hitch of the tack round the sail being then east off, 
the sail may be set like the rest of the stay-sails, 
except that the tacks, in the present instance, should 
reeve through rollers at the outer jib-boom end, and 
leading in on the fore-castle, act as outhauls^ and 
admit of changing the position of the sail on the 
stay occasionally. The leach and foot of these two 
sails should be equal, to fecilitate the hauling them 
in by the sheet from the boom end after the haul- 
yards and downhaul* are unbent, and the tack tigsin 
hitched round the luff of the sail. 

The jib-top-sail being a Btout sail in proportion 
to its size, and depending on strong booms, may 
be made to stand extremely well as a flying sail, 
the tack being rove through a thimUe on the 
middle-jib stay, dose above die head of the jib, 
and led in on the forecastle from that boom end, 
and, from its position, may be set and taken in, 
with the greatest convenience iram the fc»*ecastle. 
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On the Mizen Stay-sail and Main Gaff-sail. 
Half of the obstructive part of the mizen stay-sail 
when the main-sail is set (see Diagrams 12, 14), 
appears, from what has been shown in the foregoing 
Treatise, to be composed of longitudinal canvass, 
and does harm, and (the clear interception being but 
trifling) is therefore of no use when the main-sail is 
set ; and even when the main-sail is up, a very Jarge 
proportion of it produces a pernicious effect. Tha:e- 
fore, as it is impracticable to set a triangular stay- 
sail on the mizen-mast sufficiently large for the 
purpose of giving the ship, a good helm when the 
main-sail is up (which is very important on account 
of making her stay well), I would employ, as a sub- 
stitute for the old mizen stay*sail, the gaff-sail, whidi 
has, of late years, grown into use, every, part whereof 
trimming at the same angle, and at any angle that 
may be preferred, it is unexceptionably good ; but 
not (I . think) generally well proportioned. I would, 
therefore, recommend its being of the following 
dimensions; viz. The gaff to hoist dose up to the 
foot-hook staflF on the main-mast, and its length to 
be such, as just to allow of its clearing the mizen^ 
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top-sail when the gaff and mi2en-top-sail yard are 
trimmed for opposite tacks, as they may occasionally 
be so placed when in stays. To peak but little 
travel on a try-sail mast, the head of the sail to haid 
close out to the gaff end, and its foot to be of the 
same breadth as that of the old mizen-stay-sail, to 
have two reefs in the foot, and be made of the 
same canvass as the mizen-top-sail, being thus calcu- 
lated either for fair or moderate weather. 



THE END. 



C. Baldwin, Printer, 
New Bridge-ftiwt, London* 
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